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. SUMMARY

The 1ift, drag, and center of pressure characteris<
ties of & model of the Fowler variable—area wing were
measured in the N.A.C.A, 7 by 10 foot wind tunnel, The
Fowler wing consists of a comblination of a main wing and
an extenslion surface, alsc of airfoll section. The exten-—
sion surface can be entirely retracted within the lower
rear portion of the maln wing or i%t can be moved to the
rear and downward. The tests were made with the nose
of. the extension alrfoil in various positions near the
trailing edge of the main wing and with tne surface at
various anguler deflections, The highest 1ift coefficient
obtained was Op = 3,17 as compared with l.27 for the
main wing ealone. .

INTRODUGTION

The Fowler wing, developed by EHarlan D, Fowler, is
the result of ar attempt to combine three different meth-
ods of increasing the maximum 1if%,

l, Increasing the area by msans of an exten—
sion surface.

2. Increasing the effectlive camber by means of
a flap.

2, Providing = slot to help maintain unburbled
flow at high angles of attack,

.The combining of these methods is accomplished by means
of an extension surface, which.ig a sort of flap having
an airfoill section, The extensiom airfoil is retracted
into the lower rear portion of the wing when not in use
but is-.-extended to the rear and downward when high 1if%
is desired. (Fige l.) The gap that 1s left between the
main wing and the extension airfoil forms a slot te main-
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tain undburdled air flow over the rear airfoil at the high
angles of attack,

Previous wind-tunnel tesis on models of 3~inch chord
at both Massachusetts Institute of Technology and New York
University, and full-scale flight tests have &ll shown ex-
ceptionally high 1ift coefflclents with the Fowler wing
arrangement, (Reference 1.,) The present tests were made
as part of a series on high-~lift devices in the 7 by 10
foot wind tunnel of the National Advisory Committee for
Aeronautics, The Clark Y airfoll sectlon was used for
both the basic wing and the.extension airfoil and the
tests were made to gover;a range of slots and angular de-
flections of the extension airf01l.

APPARATUS AND METHOD

The Fowler wing. modal used in these tests consisted
of a basic Clark Y wihg with a 10-~ianch chord and 60-~inch
gpan, and a Clark Y extension alrfoil having a chord 40
per cent. that of the main wing, (See figs. 1 and 2 and
Table I.) The extension airfoil and the forward portion
nf the main wing were constructed of laminated mahogany.
The rear portion of the mailn- aing, which followed only the
upper contour of the Olark Y profile, was made of a 1/32
inch steel plate rolled to tiae proper curvature and stiff-
ened - by rlibs spaced 5 lnches apart, Ths extension air-
foll was supported by means of five equally spaced metal
plates attached to five of the ribs, and capable of ad-
Juetment to give different positions and engular dseflec-—-
tions of the rear airfoil.

The extension airfolill ecould not be completely refract-
ed into the model wing hecause of interfersnce with the
ribs; therefore, in the tests representing the retracted
conditlion the main wing was fitted wilith a plate covering
the rear 4 inches of the lower surface.

Tests were made with the nose of the extension air-
foll in nine positions (shown in fige. 1) covering the
range glving the best sloﬁh.” At sach of these nose loca-
tions thse angular deflection of the extension alrfoil was
varled throughout the. required range. e

The.?.by 10 foot wind tunnel,.thichfls'of the open- ,
Jet type, i,8 descrlidbed in_deta?LE?qgéﬁhﬁr'with‘the bal=
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ances and standard test procedurs in reference 2, 3Be- ..
cause of the high 1if%t obtained with the Fowler wing mod-
el, it was supported by a flne wire at each wing tip in
addition to the usual center support,

The tests were made at ar air speed of 80 m,pshe.,
corresponding to a Reynolds Number of 609,000. First the
values of (5 ppx Were found for the various anguler de-

flections at each location of the nose, Then complete
lif%t, drag, and center of pressure tests were nads for
the six positions giving %he highest maximum 1if% coeffi-
clents, Corroctions were not made for tunnel wall effeact,

RESULTS *AND DISCUSSION
Curves of Cy, max (based on the area af the basic

wing) against flgp angle are given for each loceaetion of
the nose of the extension a8irfoil in Figures & to 5. From
the maximum values in these curves coantour lines were pre-
pared which show the varlous positlons giving the same
value of maximum 1ift., (Fig., 6.) The values in Filgure 6
repregent the deflection which gave tne hignest value of
Cr, max &t each location, . - I S

The highest value of Gﬁ;max' 3.17, was obtained '

with the nose of the extension airfoil in position 5.
(See fig, 1.) This is the location suggested by Ur., Fowx
ler, It is believed that the 1ift coefficient of 3,17 is
the highest that has been obtained to date from & device
readily applicable to normal ailrplane construction,

Curves of 03, ©Cp» and c«Pe are glven in Figures

7 %0 12 for the best positions of the extension airfoil
and are compared with similar curves for the case with the’
extension alrfoll retracted, The maximum 1ift coefflcient
obtained with the plain wing was 1.27 as compared with
3.17 wlith the best extended position,

‘The minimum drag cosfficient for the retracted condi-
tion was 0.0156, (No external flap supports were in place
for this test.) Tahe speed range ratio .Op max/Cp mins . toe
maximum 1ift coefficient being taken with the flap down at
the best ldcatron and the minimum drag.cosfficlent with the
flap retracted, was 203 as compared with 87 for the maln
Clark Y wing alone,
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At angles of attaék above 0° the center of pressure
with the extension alrfoil extended was about 25 per cent
of. - the chord behind the center of pressure for the plain
Clark ¥, Although this dilfference may seem excessive, it
is not likely to lead to great trouble in connection with
the balance of an airplane because the downwaskh 1s sub-
stantially greatsr with ths surface sxtendsd, which in-

creases the dowdload on the tail,

To invastigaté the possibility of reducing the motion
of the c.pe. caused by extending the surface, a complete
_test ap the best position of the nose of the, extension
airfoll was made with a reduced flap angle (286°). 'The
curves for flap angles at 25° and 40° (fig. 11), however,
show very little difference in c.p. for the two settings.

BEffect on airplane performance.~ If the wing of an
averags parasel.monoplane were modifled to include the
Fowlér extenslon airfoil arrangeaent, the gross weight be-~
lng assumed unchanged for simplicity, the present tests
indlcate that the minimum gliding speed would be decreased
to less than 2/3 of the origlnal value. If the extension
device .reguired no external supports or mechanism, the
high speed would of course remain the same,

If the original landing speed were desired and the
original gross weight maintalned, the basic Fowler wing
could be reduced to 40 per ceant of the original area, and
the kigh speed would be increased somewhat (in the neigh-
borhood of 5 per cent for an average present-day, alrplane).

CONCLUSIONS

le With %the exteﬁsion alirfoil in the best positlion
a maximum 1ift coefficient of 3.17 wae obtained for the
Fowler wing model as compared with 1.27 for the basic wing,

2¢ To obtain the high maxlmum 1ift coefficients of
which this combination is capable, the extension airfoill
. must be located within close limits of the best positlon,.

. Langley Memorial Aeronautical Lavoratory,
National Advisory Committee for Asronautics,
Langley Field, Va., April 12, 1932.°
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TABLE 1
ATRFOIL ORDINATES

(A11 values in per cent airfoil chord)

Clark Y
Station °§g§§§te Ordinate
0 3.50 5.50
1.25 5.45 1.93
2.50 6.50 1.47
5.00 7.90 93
7.50 8,85 ' .63
10.00 9.60 e
15.00 10.69 .15
20.00 11.36 .03
30.00 11.70 0
4o.00 11.ko 0
50.00 10.52 0
60.00 9.15 0
70.00 7.35 0
30.00 5.22 0
90.00 2.80 0
95.00 1.49 0
100.00 .12 0

Leading edge radius = 1.50




Both alrfoll sections ars Clerk ¥

3
Extended flap posltions
Position M e B% c
1 ~5.00 1.2
2 ~5,00 2.50
3 ~5,00 3,78
4 0.00 1,25
B 0,00 2+50
6 0.0D 3,78
7 6.00 1.26
8 5,00 2,50
9 6.00 3.75

Fig.l Section of Fowler wing,
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Pig.? Wind tumnel model of Fowler wing.
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Chord line "*\\,

Dimpnslon B

5
Posltions shown thus ©

Dimenpion A

Fig.8 Contours showlng variation of Cy with position of nose of extension airfoil.
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